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Abstract

Introduction

This paper deals with the ability of scanning force
microscopy to determine contact forces of various materials. Indeed, with high spring constants at low relative
humidity, the nature of the material can be determined
by measurement of the contact force as the tip approaches. Cantilevers with a high spring constant are
used to achieve solid-solid contact for the tip-sample
system. The capillary force estimation provides information on the development of the height of the water
meniscus formed between the tip and different surfaces
depending on the relative humidity . Finally, we focus
our attention on measurements of moduli of elasticity
which vary with the physico-chemical processes (precipitation, dissolution, water intercalation, dehydration)
instigated by the variation in humidity. All experiments
were conducted on various surfaces: more extensively on
gypsum, but also on calcite, mica, graphite, brucite,
aluminum, silver and glass .

Our studies of the interactions involved in the
process of hydration and the setting of plaster
(CaSO4 ·2H2 O), using atomic force microscopy (AFM)
(Binnig et al., 1986) have shown the effect of modification of the gypsum crystal dihydrate surfaces on the
probability of their bridging in supersaturated calcium
sulphate solutions. An effect of the chemical modification of the crystal surface and of the composition of the
solution on the formation of crystallization contact has
been demonstrated earlier (Lesniewska et al., unpublished results). In studies at ambient atmosphere, there are
problems with reproducibility. Indeed, it is difficult to
continue to record an atomically resolved picture over a
period of time. Also, the forces may depend on the type
of surface and the relative humidity. Measurements in
air with a surface force apparatus (SF A) (McGuiggan et
al., 1990) have shown that forces between two surfaces
of mica were not dependent on structure and orientation
of the crystal lattices because a contaminated layer
screens the information. In order to understand the
changing behavior of the samples in air, experiments
were conducted by controlling the relative humidity in
air. Recently, the atomic force microscope in non-contact mode with a conducting tip has been used to show
the formation of molecular layers of water on mica
under conditions where the relative humidity changed
from 20 to 40% (Hu et al., 1995). Measurements of
forces as a function of relative humidity with levers with
a low spring constant (Thundat et al., 1993a), show that
retract forces increase with the relative humidity. Many
experiments with a SFA or an AFM were done to measure the thickness of layers adsorbed onto surfaces with
the help of capillary forces (Mate et al., 1989; Blackman et al., 1990; Israelachvili, 1992; Crassous et al.,
1993). To the best of our knowledge, no systematic
study with an AFM has been conducted on the development of the meniscus of water which contaminates the
surface, as a function of the relative humidity. On the
other hand, the AFM is a way of measuring the local
modulus of elasticity of a surface by elastic indentation
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a glass bell-jar. The relative humidity was measured
with a precision of 1 % in the range of 0-100%. The
temperature of the surrounding wall was 25°C. To
avoid the perturbation of the deflection of the AFM
cantilever, the nitrogen flux regulating the humidity was
stopped, the system was brought to equilibrium and the
measurements were performed.
The samples studied were kept in air at 30 % RH.
The muscovite green mica (New York Mica Co., New
York, NY) face (0001), the highly oriented pyrolitic
graphite (HOPG, supplied by Union Carbide Co.,
Cleveland, OH) face (0001), and the natural gypsum
crystal dihydrated (CaSO4 ·2H2O) face (010), were
cleaved with scotch-tape . The natural l!_ruciteMg(OH)i
face (0001) and calcite CaCO 3 face (1014) were cleaved
with a blade along the crystal lattice. The aluminum
films and silver films were prepared by evaporation onto
a quartz plate (Suprasil II; Heraus, Duluth, GA; Heraus ,
1995) with a diameter of 10 mm, and a thickness of 1
mm under a vacuum of 5 x 10-7 Torr. We obtained
good surfaces by keeping the evaporation rate below 0.1
nm/s and heating the quartz support to 500°C during
deposition. The quartz plate was cleaned by one cycle
of ultrasonic cleaning with successive use of ULTRAPURE water (resistivity > 18.3 MOhms.cm, MilliporeQ, obtained from a NANOpure UV, Barnstead Station,
U .K.), acetone, chloroform, acetone and Milli-Q water,
before it was loaded into the vacuum system to minimize
contamination . An aluminum film of a nominal thickness of 50 nm and a standard deviation of 0.3 nm (mean
roughness = 1.5 nm) and a silver film of the same
thickness (mean roughness= 0.8 nm) were deposited on
a quartz substrate (mean roughness = 0.6 nm).

(Burnham et al. , 1990; Weisenhorn et al., 1993;
Radmacher et al., 1995) with a cantilever with a high
spring constant . The different types of information
given by the force in contact mode have been carefully
analyzed due to the enhancement as a function of the
relative humidity.

Materialsand Methods
Materials
A Nanoscope III scanning probe microscope (Digital
Instruments Inc., Santa Barbara, CA) equipped with a
force modulation setup and a < < D > > type scanner
(12 µm) was operated in contact mode. We have used
silicon nitride (200 µm long) cantilevers with a spring
constant of 0.035 Nim, and silicon (250 µm long) cantilevers with a spring constant of 30 Nim. In order to remove the contaminants, the tips were exposed to ultraviolet (UV)--ozonefor 10 minutes. The UV--ozone cleaning permits the removal of the hydrocarbons (Thundat et
al., 1993b).
By measuring the resonant frequency of the different
cantilevers, we estimated their thickness from which we
calculated the associated spring constant k . For this
calculation, we utilized the expression (Cleveland et al.,
1993):
(1)

where L and w represent the length and width, respectively, of the cantilevers as supplied by the manufacturer, v the resonant frequency, Ethe Young's modulus ,
and p the density of the material of the cantilever.
In this study, we examined the deflection of the
lever (perpendicular to the sample surface) due to the
force produced by the sample when the latter is displaced towards and away from the former (Burnham et
al., 1993; Hao et al., 1991). Force versus separation
curves, reported in this article, were calculated from the
sensitivity and the spring constant of the cantilever.
Force measurements were performed in a cyclical
manner (extending and retracting of sample). The frequency of the sample movement was fixed at 1 Hz (i.e.,
about 50 nm/s) in such a way that the effects of viscosity were avoided. It is important to note that all measurements were conducted with the sample approaching
the cantilever.
Studies were conducted under controlled atmosphere: drying (1 to 30%) was ensured by a decarbonated flux of dry nitrogen or helium. The increase in
relative humidity RH (from 30 to 80 %) was achieved by
passing nitrogen or helium gas through distilled water.
Measurement of RH was carried out by keeping a hygrometer (Quick 74880 Novo, EBRO Gmbh, Ingoldstadt, Germany) and the head of the microscope under

Capillary forces

The contact point is defined as the breaking point
where the slope of the force versus separation curve
(while the sample approaches the tip) changes abruptly .
Contact forces at different values of RH were ana1yzed in order to evaluate the capillary forces existing
between tip and sample. The force at the contact point
in air arises from two contributions.
The first, always present, is associated with the
dispersion forces of Van der Waals (i.e., solvation
forces at the first minimum), which is estimated theoretically for mica, gypsum and calcite and is assumed to be
constant and independent of the relative humidity.
The second contribution arises if the surface of the
sample is covered with a fine layer of water so that a
meniscus of water between tip and sample is formed.
This force, called Laplace's force, has the following
form (Mate et al., 1989):
(2)
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Meniscus of water

~

Figure 1. Depending on the relative humidity, the surface gets covered by a thin layer of water d creating a
meniscus with radius ri due to the paraboloidal tip
(radius R). The formation of this meniscus is due to
capillary effects.

~

!

:;i

8

80
60
40

e"'

0
CL.

where R (20 nm) is the tip radius, r (72.8 mN/m) is the
surface tension of water, d is the water height in the
meniscus, ri is the tip radius of the meniscus and r2 is
the contact radius of the tip at the liquid-air interface
(Fig. 1). We use this formula to estimate d. Ti varies
with RH and is always greater than r 2. Hence, we neglect 1/r 2 in comparison to 1/ri. We replace ri by rk, the
Kelvin's radius (Israelachvili, 1994) (see Fig. 1):
Ti ""' rk = {'yV / [RT ln(P/P JJ}
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where V is the molar volume of water and -yV/RT is
equal to 0.56 nm at 25°C . PIPS is the usual RH.
The contact force variation, assimilated to the
change of Laplace's pressure, gives us some information
about the quantity of water in the meniscus covering the
surface.

Figure 2. Van der Waals force gradient versus separation curves. (a) In the 3-6 nm range, the jump to contact appears at 3 nm from the surface for sensitive levers
(le = 0.035 Nim) . (b) In the 0.2-1.4 nm range, the
jump to contact appears at atomic separation (0.3 or 0.4
nm) for a high spring constant (K = 30 Nim).

Modulus of elasticity

--------------------------------

The local elastic distortion of some surfaces caused
by indentation by the tip was analyzed. The tip does not
get deformed (the Young's modulus of silicon is 40
times greater than that of mica or gypsum). We replaced the modulus of elasticity of the tip-surface system
with that of the surface.
The tip geometry greatly complicates the measurements. When a large indentation is encountered, the tip
behaves like a cone with a half angle of about 20° or
like a paraboloidal tip of R = 20 nm for smaller indentations. The treatment of the data by a cylindrical tip of
r = 3 nm gives us an estimation of the area of contact
between tip and sample. The forces applied to the samp le (F ) versus the elastic indentation h were analyzed
f l ..
app
in the following way to obtain the modulus o e ashc1ty
using (Weisenhorn et al., 1992, 1993):

Knowing the modulus of elasticity, we calculated the
adhesion energy w of Dupre (J/m 2) from the following
formula (Burnham et al., 1993):
w

= SE•r3I (hR

2)

(5)

We obtained the moduli of elasticity of surfaces for different RH. Our choice of cantilever does not allow us
to measure moduli of elasticity exceeding 15 GPa. Contact forces are insufficient to instigate indentation for the
hard surfaces.
Finally, it is important to note that the results obtained are relative measurements and have to be considered as a comparative study. Each set of measurements
was always carried out with the same tip at the same
place of the sample. The parameter d, which does not
correspond to the thickness of water adsorbed on surface, was calculated in order to explain the perturbation

(4)
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Figure 4 (on the facing page). Force versus separation
curves at 5 % RH determined with the same tip with a
high spring constant (k = 30 Nim) for: (a) evaporated
silver film (thickness 50 nm, mean roughness 0.8 nm),
(b) evaporated aluminum film (thickness 50 nm, mean
roughness 1.5 nm), (c) brucite Mg(OH)i face (0001),
( d) glass coverslips, (e) highly oriented pyrolitic graphite
face (0001), (t) musco~ite green mica face (0001), (g)
calcite CaCO 3 face (1014), and (h) gypsum crystal dihydrated (CaSO 4 ·2H2 O) face (010). The solid bold lines
(approach of the force curve) show the motion of the
sample towards the tip, the dashed line (retract of the
force curve) from the tip.
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------------------------------------The contact force for a spring constant of 30 Nim
is ~ 30 N, a value which corresponds to an interatomic
separation of018 nm ifwe use a Van der Waals' model.
The third approach to see the difference in contact
points between the two types of levers is to investigate
the gradient of the Van der Waals' force (Fig. 2): when
this gradient exceeds the spring constant of the lever, the
system is not able to measure the real force and the tip
jumps to contact . The jump to contact appears at a
separation of about 0.4 nm for levers of spring constant
30 Nim and about 3 nm for those of 0.03 Nim .
All these observations led us to conclude that the
contact point occurs at an atomic distance for high
spring constant and at a nanometric distance for sensitive
levers. This can explain why it is impossible to achieve
atomic resolution with high spring constants contrary to
that obtained with sensitive levers which do not destroy
surfaces. We can make a comparative study between
the operations under liquid and in air. Atomic resolution is obviously easier to achieve in solution than in air
since the gradient of the force is smaller in liquid than
in air and, therefore, the tip of sensitive cantilever can
approach the surface closer in liquid and consequently
collects better information (less sensitive to torsion of
levers which occurs far from the surface). Moreover,
the cantilevers with k = 0.035 Nim are subject to processes of torsion and friction (Annis and Pedraz.a, 1993;
den Boef, 1991; Warmack et al., 1994; Yoshizawa et
al., 1993) which increase the retract adhesion forces due
to the great tip-sample separation (3 nm).
Therefore, in order to quantify contact forces normal to the surface in air, a strong spring constant is
chosen to avoid all lever torsions at the approach of the
surface. Besides, cantilevers with a high k allow us to
estimate the high value of the gradients and thus to
achieve solid-solid contact, for example, to avoid the
jump to contact of the tips of k = 0.035 Nim at 3 nm
from the surface and even to produce an indentation h of
the surface equal to 2 or 3 nm which permits the determination of the elastic constant.

Figure 3. Force versus separation (between the tip and
the surface sample) curve determined with a sensitive
cantilever (k = 0 .035 Nim). The contact force is about
0.25 nN . The force curve shows an important hysteresis
due more to the lever torsion than the contaminating
water layer. The capillary force increases the pull-out
force. The retract distance is 500 nm. The cantilever
deflection .:id has been converted into the force unit by
the relationship F = k.:id, where k is the measured
spring constant of the free cantilever. The tip has lost
the real solid-solid contact. The tip stops its motion at
the water-water interface and the force becomes less
attractive.
of the surface by the tip. Similarly, the measurement of
the elastic constant had some uncertainties even though
the measurements were reproducible . These uncertainties ( ~ 10 %) are due to the errors in the evaluation of
the geometry of the tip, due to the problem of slipping
of the tip on the sample surface (Bhushan et al., 1995).
Results and Discussion
Choice of spring constant
Analysis indicated a dependence on both contact
point and spring constant of the cantilever.
At first, we imaged a surface of well calibrated
grating with two types of cantilevers in contact mode or
tapping mode in air or in liquid. For a given cantilever,
the height of this grating was found to be independent of
the surroundings, the measurement mode and the frequency sweep . For all experiments, the height section
carried out by a lever of spring constant 0.035 Nim was
found to be greater (10 nm for a height of 100 nm) than
that with a spring constant of 30 Nim.
Second, on force curves, contact forces for spring
constant of 0.035 Nim reached only a value of 0.4 nN
which corresponds to a force for a spring constant of 30
Nim at a tip-sample separation of 3 nm.
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Table 1. Experimental results derived from measurements of force between various surfaces and an AFM tip of silicon.
Graphite Brucite Aluminum Silver

Glass

Gypsum

Mica

Calcite

Van der Waals force [nN]

22

24

60

50

36

80

100

110

Van der Waals energy r[mJ/m 2]

100

110

280

230

160

370

470

510

Modulus of elasticity E[GPa]

9
3.6·

3

12

2

2
Adhesion energy of Dupre w[mJ/m ]

500
200·

60

Surface

5•
700
300•

100

• represents the measurement conducted on the precipitate for gypsum and calcite surfaces.
These values imply that our tip is in atomic contact with
the surface at a separation of 0 . 18 nm.
Theoretical forces agree well with experimental
results for mica and gypsum samples. On the other
2
hand, brucite (F = 36 nN, r = 160 mJ/m ) and calcite
2) surfaces present contact
(F = 60 nN, r = 280 mJ/m
forces higher than theoretical expectations. In order to
match the experimental and theoretical results, the separation calcite/silicon must be reduced to 0.13 nm in the
model. The interatomic distance at the contact point
between the tip and the sample seems to depend on the
nature of the two surfaces. Mica and gypsum, which is
cleaved easily by the application of scotch-tape, show an
higher atomic separation than brucite and calcite, which
are cleaved with more difficulty with the help of sharp
blades. On the other hand, we can question the validity
of Liftschitz's model. The question is: can a macroscopic model apply to a nanoscopic surface state?
2
Graphite (F = 50 nN, r = 230 mJ/m ), aluminum
2) and silver (F = 100 nN,
(F = 80 nN, r = 370 mJ/m
r = 470 mJ/m 2) have an adhesion energy much higher
than that of insulators (mica, gypsum, brucite) . Generally, surface energies of metals vary from 300 to 2000
mJ/m 2 . Our measurements are much smaller than those
for commensurable surfaces, because the lattices of the
tip and the surface are not in perfect registry, since they
are made of dissimilar materials. These measurements
of surface energy agree with the values computed on
mismatched conducting materials.
Glass surface has a large surface energy (F = 110
nN, r = 510 mJ/m 2). As has been observed with the
surface force apparatus, Van der Waals' theory for glass
is unfortunately unable to provide accurate results for
separations less than about 10 nm.

Retract force is connected with the layer which contaminates the surface. As the meniscus of water grows,
the distance required for breaking the meniscus increases. For a lever with k = 30 N/m, the retract distance of tip to break the meniscus is about 4 times the
thickness of water covering the surface. In the case of
a more sensitive cantilever (k = 35 mN/m), the retract
distance can reach 100 times the thickness of water (Fig.
3) because of friction (Yoshiz.awa et al., 1993). The
very sensitive cantilevers, presenting hysteresis of the
force curves, cannot be used to quantitatively measure
the water height in the meniscus.

Contact forces below 10% RH
At very low relative RH, contact forces do not
evolve. Also, we assume that we have no contaminated
water left and thereafter we measure the ideal force in
air (Fig. 4). Experimentally, we are able to extract the
adhesion energy r from the contact force F O (Table 1)
using the formula:
(6)
Though the domain of validity of Van der Waals' forces
is between 2 and 5 nm, Israelachvili (1972) assures that
this force is still valid at the contact point. Van der
Waals forces for gypsum, mica and calcite are calculated
from a macroscopic model (Hamaker's constant).
The value of Hamaker's constant H (Israelachvili,
1972) for gypsum (i = 5.66, n = 1.52 where i and n
represent the dielectric constant and the refractive index,
respectively), is 2.2 x 10-19 J; H for mica (i = 7, n =
1.60) is 2.5 x 10-19 J and H for calcite (i = 8.5, n =
1.75) is 3 x 10-19 J, when silicon (i = 11.7, n = 3.44)
is used as a tip. When it is assumed that the tip is a
sphere of radius R, Van der Waals forces are given by:

F = -HR/6D 2

Water layer thickness

(7)

The evolution of contact forces is described in Figure 5. The contact force does not exhibit any hysteresis
as a function of RH .

This force obtained from theory has values of 22 nN
for gypsum, 24 nN for mica and 32 nN for calcite.
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Figure S. Evolution of contact force versus relative humidity for: (a) graphite, evaporated aluminum films, evaporated
silver films, and glass coverslips; and (b) calcite face (1014), gypsum face (010) , mica face (0001), and brucite face
(0001) , freshly cleaved.

------------------------------------------------------------------------------------------------------Roughly speaking, we can discern three steps in the
evolution of forces:
(1) Below 10% RH, forces remain constant. This
illustrates that there is no water on the surface. Between
10 % and 30 % RH, the contact force shows a slight variation of 2 nN for all samples. This can be explained by

the fact that the water begins to cover the surface discreetly until the appearance of three or four layers at
30 % RH. In addition, in this humidity scale, we notice
perturbation in force curves by the transition of attractive force to repulsive one (or less attractive) as depicted
in Figure 6. We can easily explain this behavior by the
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Figure 6 (at left). Force versus separation curve determined for a gypsum face (010) at 20% RH. The arrows
indicate the direction of the approach and retrieve of the
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proach the surface (tip down) to find again the real
solid-solid contact force which is useful for measuring
the capillary force.
(2) From 35 % RH onwards up to 50 % RH, the experimental force presents an abrupt rise. The origin of
this sudden variation is the great increase of water in the
meniscus (d = 0.8 run to 4 or 8 run depending on the
nature of the surface) as shown in Figure 8. This means
that the number of water molecules increases from about
400 to 30000 when we consider the volume of the meniscus and the space of water molecule. The meniscus
radius r 1 is still the same (about 0.4 or 0.6 run).
(3) Beyond 50 % RH, contact force is stagnant although water thickness continues to increase. In this
case, meniscus radius r 1 and relative humidity are related. Towards 75 % RH, d reaches a large value of about
15 run which corresponds to 75 molecular layers. We
then notice that a measurement of 24 run on gypsum surface at 80 % RH does not correspond anymore to the
proposed pattern (thickness superior to the tip radius).

fact that the tip has lost the real solid-solid contact in the
extending-retracting cycle. The tip stops its motion at
the water-water interface. The model shows the aspect
of attractive force between a paraboloidal probe of radius R and a flat surface covered by a thin layer of water
as a function of the distance D separating the two water
layers. Hijk is the Hamaker constant for materials i and
k separated by a medium j . The indices s, w , a, t
correspond respectively to sample, water, air and tip
(Israelachvili, 1994).
F

= {R/6}·{[lfwaw/D2] - [(HtwtHawa)o.5/(D+T1)2] 0

[(HswsHawa)

·

5/(D+T2)2]

+

[(HswsHtwt>o.5/(D+T1 +T2)2]}

(8)

Figure 7 demonstrates clearly that only one water
layer (T 1 and T:i) can drastically reduce the value of the
attractive force between the two interfaces at a separating distance D. We have to compel the system to ap704
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-----------------------------------------------------------------------------------------------Now, we can compare the various surfaces studied
in a more precise way. All surfaces present the same
development of water adsorption in the tip/sample space,
as discussed above, but at a different scale. We fit our
experimental results on d by the expression:
rl

"water

= Ae(RH/0.17)

(9)

The coefficient A is a characteristic length of the mate-

rial and provides information about the water affinity of
sample.
The least hydrophilic material (A = 0.08 nm) is
brucite with 6 nm water layer and aluminum film (A =
0.11 nm) with d = 12 nm of water on the surface at
80% RH . Mica (A= 0.14 nm) and graphite (A= 0.15
nm) exhibit a similar behavior (15 nm of water at 80%
RH). Calcite (A = 0.18 nm), silver and glass (A =
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is 2 GPa (w = 0.1 Jlm 2) at high humidity and falls to 1
GPa (w = 0.06 J/m 2) for RH lower than 30%. We can
correlate this result with the water thickness measured
above. Mica and graphite seem to be harder when the
water disappears (d ~ 1 nm). No evolution of surface
topography is observed with the tip sweep and the variation in humidity.
Contact forces for gypsum and calcite, which are
hydrophilic surfaces, present different moduli of elastici ty with the variation of relative humidity. Under tip effects , for given RH , physico-chemical modifications are
observed on the surface of gypsum and calcite (Finot et
al., in preparation).
On the gypsum surface, the calcium sulphate is dissolved in the thin layer of water and precipitates in the
presence of a tip at intermediate relative humidity. We
2
measure an elastic constant of 3.6 GPa (w = 0.2 J/m )
corresponding to the precipitated calcium sulfate. For
RH ~ 10 %, we measure an elastic constant of 9 GPa (w

0.19 nm) are more hydrophilic with d = 15 nm of water
at 75 % RH. Gypsum (A = 0.2 nm) shows the greatest
affinity for water .

Modulus of elasticity
Moduli of elasticity E of brucite, aluminum, silver
and glass (50 GPa in the literature) are not measurable
because the cantilever is too flexible. In this case, we
would have to use a diamond tip associated with levers
of spring constant higher than 200 Nim. Nevertheless,
for softer samples , we observe an evolution of E versus
RH. Moreover, we distinguish two types of surface
behavior.
In the first case, the moduli of elasticity for mica
and graphite differ only slightly with humidity. The
value of modulus of elasticity for mica is found to have
a value of 2.6 GPa for RH ~ 40% and 3 GPa for RH
2
~ 30% at the adhesion energy of Dupre w = 0.2 Jlm •
In the same way, the modulus of elasticity for graphite
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= 0.5 J/m 2) if no precipitation bas taken place before.

The modulus of elasticity remains at a constant
value for all purposes when no physico-cbemical processes appear on the surface, as in the case of mica and
graphite. Nevertheless, the dehydration, the precipitation and the water intercalation observed for gypsum
have important repercussions on the modulus of elasticity of the surface.
In conclusion, the measurements of contact force
permit not only the determination of the material nature
of the sample but also the determination of the physicocbemical perturbation of its surface produced by the
humidity of the surroundings.

When RH ::?: 70 %, the modulus of elasticity cannot be
measured precisely but estimated to be about 15 GPa .
The appearance of the indentation visualized on the force
curves differs when we consider only the gypsum surface or the precipitated layer on gypsum.
Nevertheless, when the gypsum sample is kept about
one hour either at 0 % RH or at 80 % RH, we observe a
real decrease of the elastic constant (about 0.5 GPa, w
= 30 mJ/m 2). This result and our observations on the
image taken in lateral mode in dry or humid atmosphere
(Finot et al., in preparation) seem to have something in
common. The low values of the elastic constant are due
to the dehydration at O% RH and water intercalation at
90% RH. Indeed, during the dehydration process of
gypsum CaSO 4 ·2H2O, the slightly bound structural
water inserted between two layers of calcium sulphate
tends to migrate near the atomic surface steps, so that
the upper plane of calcium sulfate becomes softer. If
the gypsum is kept at 90 % RH for a long time, the reverse occurs; the observed phenomenon can be explained
by water coming between the calcium sulphate layers.
This process is equivalent to clay swelling. Similarly,
we observe intercalation on images made in the lateral
mode and the slow cracks of the upper layer of the calcium sulphate.
Similarly, on calcite, we observe a perturbation of
the topography with a tip sweep which bad repercussions
on the modulus of elasticity. The contaminating layer
on calcite has a lower modulus of elasticity (5 GPa; w =
0.3 J/m 2) than that of the pure surface of calcite (12
GPa; w = 0 .7 J/m 2) .
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J. Vesenka: Mica is a commonly used substrate for
imaging numerous kinds of biomolecules with the AFM.
There is some suggestion that mica has partial monolayer coverage at relative humidity below 10 %
{Beaglehole and Christenson, J. Phys. Chem. 96, 3395
(1992)}. This has important consequences in the field of
biological AFM since it suggests that there is some residual moisture available on the surface of mica even at
very low humidity. Furthermore, biomolecules frequently are dried onto samples with some residual buffer
salts, rendering the surface more hygroscopic. Would
the authors like to comment on these observations in the
light of their results?
Authors: Our previous studies on biological molecules
such as single stranded DNA, 16S rRNA where fixation
of the individual molecules to rigid molecular assemblies
required a treatment of the mica and a drying procedure,
have shown that under controlled atmosphere (helium,
nitrogen gas) that a partial monolayer covers the mica at
a relative humidity below 10 %. This mono layer is dissolved at higher relative humidity. Concerning our studies on biological specimens (together with Dr. C. Le
Grimellec), we recommend to observe the specimens in
solution to prevent artifacts due to any drying process.
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